


























[2, 3, 9, 10, 11] (ii)
[1,2,3,4,6,12] 1














$t$ X $(t)\in R^{m}$ $(m\geq 2)$ . X $(t)$
$\dot{X}(t)=F(X;\mu)$ (1)














$G_{jj}=- \sum_{k=1(\neq j)}^{N}G_{jk}$ $(j=1, \cdots, N)$ (3)
$D=$ diag $(D_{1}, \cdots, D_{m})$ X X
(3) $\sum_{k=1}^{N}G_{jk}=0$
$\sum_{k=1}^{N}G_{jk}X_{k}=\sum_{k=1}^{N}G_{jk}X_{k}-(\sum_{k=1}^{N}G_{jk})X_{j}=\sum_{k=1(\neq j)}^{N}G_{jk}(X_{k}-X_{j})$ (4)










$X^{S}$ Hopf 3 Hopf
$W(t)$
$X(t)-X^{S}\propto W(t)\exp(i\omega t)U_{0}+c.c$. (5)
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$\dot{W}_{j}(t)=W_{j}-(1+ic_{2})|W_{j}|^{2}W_{j}+K(1+ic_{1})\sum_{k=1}^{N}G_{jk}W_{k}$ $(j=1, \cdots, N)$ (8)
$c_{1},$ $c_{2}\in R$


















$\dot{\phi}_{j}(t)=\omega-C\sum_{k=1}^{N}G_{jk}\Gamma(\phi_{j}-\phi_{k})$ $(j=1, \cdots, N)$ (11)
$\omega$ $\Gamma(\phi_{j}-\phi_{k})$ $j$ $k$ $C$

















$G_{jk}=1$ $(j=k\pm 1)$ , $-2$ $(j=k)$ , $0$ (otherwise) (13)
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Local coupling Global coupling





$\sum_{k=1}^{N}G_{jk}W_{k}=2(\langle W\rangle_{j}^{L}-W_{j})$ , $\langle W\rangle_{j}^{L}=\frac{W_{j-1}+W_{j+1}}{2}$ (15)
$i$ $W_{j}$ $j-1$ $j+1$ $\langle W\rangle_{j}^{L}$
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$G_{jk}=1$ $(j\neq k)$ , $G_{jj}=-(N-1)$ (16)











$\sum_{k=1}^{N}G_{jk}W_{k}=\sum_{k=1(\neq j)}^{N}g(|j-k|)W_{k}-\sum_{k=1(\neq j)}^{N}g(|j-k|)W_{j}=A\{\langle W\rangle_{j}^{NL}-W_{j}\}$ (20)






$c_{jk}$ 1 $0$ $j$ ( ) $d_{j}$
$d_{j}= \sum_{k=1(\neq j)}^{N}G_{jk}=-G_{jj}$ $(j=1, \cdots , N)$ (22)
$\sum_{k=1}^{N}G_{jk}W_{k}=\sum_{k=1(\neq j)}^{N}G_{jk}W_{k}-d_{j}W_{j}=d_{j}\{\langle W\rangle_{j}^{RN}-W_{j}\}$ (23)















$W_{j}(t)=W^{L}(t)=\exp(-ic_{2}t)$ $(j=1, \cdots, N)$ (26)
$W^{L}(t)$ SL
$W_{j}(t)=IW^{L}(t)\{1+\rho_{j}(t)\}\exp\{i\theta_{j}(t)\}$ (27)
CGL (8) $j=1,$ $\cdots,$ $N$
$(\begin{array}{l}\dot{\rho}_{j}(t)\dot{\theta}_{j}(t)\end{array})=(\begin{array}{ll}-2 0-2c_{2} 0\end{array}) (\begin{array}{l}\rho_{j}\theta_{j}\end{array})+K\sum_{k=1}^{N}G_{jk}(\begin{array}{ll}l -c_{1}c_{1} l\end{array}) (\begin{array}{l}\rho_{j}\theta_{j}\end{array})$ (28)
$\sum_{k=1}^{N}G_{jk}\phi_{k}^{(\alpha)}=\Lambda^{(\alpha)}\phi_{j}^{(\alpha)}$ (29)
$\Lambda^{(\alpha)}$ ( ) $(\phi_{1}^{(\alpha)},$ $\cdots,$ $\phi_{N}^{(\alpha)})^{T}$




$($ 1, $\cdots,$ $1)^{T}$
[5, 7]. $\alpha=1$ $($ $\Lambda^{(1)}=0)$ ,
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(a) Local coupling (b) Clobal coupling
(c) (d)Nonlocal coupling Scale-free network coupling
6 CGL
$c_{1}=-2,$ $c_{2}=2$ Benjamin-Feir ${\rm Re}\lambda_{+}(x)$ $x=0$
$-(1+c_{1}c_{2})$ (a) $(K=25),$ $(b)$ $(K=$ 0.001 $),$ $(c)$





$\det(\begin{array}{ll}K\lambda^{(\alpha)}+2-\Lambda^{(\alpha)} c_{1}K\Lambda^{(\alpha)}2c_{2}-c_{1}K\Lambda^{(\alpha)} \lambda^{(\alpha)}-K\Lambda^{(\alpha)}\end{array})=0$ (31)
$\lambda_{\pm}^{(\alpha)}=-1+(K\Lambda^{(\alpha)})\pm\sqrt{1+2c_{1}c_{2}(K\Lambda(\alpha))-c_{1}^{2}(K\Lambda(\alpha))^{2}}$. (32)








7 CGL $K=25$ (a)
$W_{j}$ (b) $|W_{j}|$
$i$ (c) $|W_{j}|$ ( $j$ ,
).




















$\Lambda^{(\alpha)}=-4si_{I1^{2}}\frac{2\pi(\alpha-1)}{N}$ $(\alpha=1, \cdots, N)$ (34)
$\phi_{j}^{(\alpha)}\propto\exp[2\pi i(\alpha-1)j/N]$ [16]. $K=25$
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9 CGL $K=0.06$ (a)
(b) $|W_{j}|$
$i$ (c) $|W_{j}|$ (
$j$ , ).
Hakim&Rappel, & Chabanol $et$
al. [18]
323 CGL











Barab\’asi-Albert [20] $\langle d\rangle=20$
$d_{\max}=118$ , $d_{\min}=10$ 6(d)
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$a$ $b$ Hopf Jacobi $L_{0}$
$\pm i\omega$ $i\omega$ Uo
Uo $-i\omega$ :
$L_{0}U_{0}=i\omega U_{0}$ , $L_{0}\overline{U}_{0}=-i\omega\overline{U}_{0}$ (41)
(40)
$u_{j}(t)=W_{j}U_{0}e^{i\omega t}+c.c$ . (42)
$W_{j}$
$U(t)=U_{0}e^{i\omega t}$ , $\overline{U}(t)=\overline{U}_{0}e^{-i\omega t}$ (43)
$\tilde{L}_{0}=L_{0}-\frac{\partial}{\partial t}$ (44)
$\tilde{L}_{0}U(t)=0$ , $\tilde{L}_{0}\overline{U}(t)=0$ , (45)
$\tilde{L}_{0}$ $\tilde{L}_{0}$ adjoint
$\tilde{L}_{0}^{*}$ Hopf $T=2\pi/\omega$ $T$
( ),
$\langle A$ $(t),$ $B(t)\rangle=\int_{0}^{T}$ $A$ $(t)\cdot B(t)dt$ (46)
$T$
$\int_{0}^{T}$ A$(t) \cdot(L_{0}-\frac{\partial}{\partial t})B(t)dt=\int_{0}^{T}(L_{0}^{t}+\frac{\partial}{\partial t}I$ A$(t)\cdot B(t)dt$ (47)
$\tilde{L}_{0}^{*}$ :
$\tilde{L}_{0}^{*}=L_{0}^{t}+\frac{\partial}{\partial t}$ (48)
$L_{0}^{t}$ $L_{0}$ $L_{0}$ $\pm i\omega$
$L_{0}^{t}U_{0}^{*}=i\omega U_{0}^{*}$ , $L_{0}^{t}\overline{U}_{0}^{*}=-i\omega\overline{U}_{0}^{*}$ (49)
$U_{0}^{*}\cdot U_{0}=1$ , $\overline{U}_{0}^{*}\cdot\overline{U}_{0}=1$ (50)
$U^{*}(t)=U_{0}^{*}e^{-i\omega t}$ , $\overline{U}^{*}(t)=\overline{U}_{0}^{*}e^{i\omega t}$ (51)
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$=L u_{j}+\Lambda Iu_{j}u_{j}+Nu_{j}u_{j}u_{j}+\cdots+D\sum_{k=1}^{N}G_{jk}^{\backslash }u_{k}$ (53)
$(L u_{j})_{a}=\sum_{b=1}^{m}\frac{\partial F_{a}(X;\mu)}{\partial X_{b}}X=X^{s}(\mu)(u_{j})_{b}$
$( A’Iu_{j}u_{j})_{a}=\sum_{b=1}^{m}\sum_{c=1}^{m}\frac{\partial^{2}F_{a}(X;\mu)}{\partial X_{b}\partial X_{c}}X=X^{S}(\mu)^{(u_{j})_{b}(u_{j})_{c}}$














$N=N_{0}+\epsilon^{2}\mu N_{1}+\cdots$ , (60)
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$L_{0}$ (40) Jacobi $L_{1}$











$( \frac{\partial}{\partial t}+\epsilon^{2}\frac{\partial}{\partial\tau})(\epsilon u_{j}^{(1)}+\epsilon^{2}u_{j}^{(2)}+\cdots)$
$=(L_{0}+ \epsilon^{2}\mu L_{1}+\cdots)(\epsilon u_{j}^{(1)}+\epsilon^{2}u_{j}^{(2)}+\cdots)+\epsilon^{2}D\sum_{k=1}^{N}G_{jk}(\epsilon u_{k}^{(1)}+\epsilon^{2}u_{k}^{(2)}+\cdots)$
$+(M_{0}+\epsilon^{2}\mu M_{1}+\cdots)(\epsilon u_{j}^{(1)}+\epsilon^{2}u_{j}^{(2)}+\cdots)(\epsilon u_{j}^{(1)}+\epsilon^{2}u_{j}^{(2)}+\cdots)$
$+(N_{0}+\epsilon^{2}\mu N_{1}+\cdots)(\epsilon u_{j}^{(1)}+\epsilon^{2}u_{j}^{(2)}+\cdots)(\epsilon u_{j}^{(1)}+\epsilon^{2}u_{j}^{(2)}+\cdots)(\epsilon u_{j}^{(1)}+\epsilon^{2}u_{j}^{(2)}+\cdots)$
(64)
$\epsilon$
$O( \epsilon):\frac{\partial}{\partial t}u_{j}^{(1)}(t)=L_{0}u_{j}^{(1)}$ (65)
$O(\epsilon^{2})$ : $\frac{\partial}{\partial t}u_{j}^{(2)}(t)=L_{0}u_{j}^{(2)}+\Lambda I_{0}u_{j}^{(1)}u_{j}^{(1)}$ (66)
$O(\epsilon^{3})$ : $\frac{\partial}{\partial t}u_{j}^{(3)}(t)+\frac{\partial}{\partial\tau}u_{j}^{(1)}(t)=L_{0}u_{j}^{(3)}+\mu L_{1}u_{j}^{(1)}+D\sum_{k=1}^{N}G_{jk}u_{k}^{(1)}$
$+2M_{0}u_{j}^{(1)}u_{j}^{(2)}+N_{0}u_{j}^{(1)}u_{j}^{(1)}u_{j}^{(1)}$ (67)
$\tilde{L}_{0}=L_{0}-\partial/\partial t$
$O(\epsilon):\tilde{L}_{0}u_{j}^{(1)}(t)=B_{j}^{(1)}(t)$ , $B_{j}^{(1)}(t)=0$ (68)
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$\tilde{L}_{0}^{*}v^{*}(t)=0$ $v^{*}(t)$ $(v^{*}(t),$ $b(t)\rangle=0$
$\langle U^{*}(t),$ $B_{j}^{(\nu)}(t)\rangle=\int_{0}^{T}U_{0}^{*}e^{-i\omega t}\cdot B_{j}^{(\nu)}dt=0$ (72)
(
$\overline{U}^{*}(t)$ $B_{j}^{(\nu)}(t)$ ). $O(\epsilon)$ (68)
$\langle U^{*}(t),$ $B_{j}^{(1)}(t)\rangle=\int_{0}^{T}U_{0}^{*}e^{-i\omega t}\cdot 0dt=0$ (73)




$\langle U^{*}(t),$ $B_{j}^{(2)}(t)\rangle=\int_{0}^{T}U_{0}^{*}e^{-i\omega t}$ . $\{-M_{0}u_{j}^{(1)}u_{j}^{(1)}\}dt=0$ (75)
$M_{0}u_{j}^{(1)}(t)u_{j}^{(1)}(t)$ $e^{2i\omega t},$ $1,$ $e^{-2i\omega t}$




Fourier (Cj) Fourier $\ell\neq\pm 1$
(69) $B_{j}^{(2)}(t)$ Fourier $(B_{j}^{(2)})_{\ell}$
$(L_{0}-i\ell\omega)C_{\ell}=(B_{j}^{(2)})_{\ell}$ (77)
106











V- $=(L_{0}+2i\omega)^{-1}1\mathfrak{l}\cdot l_{0}\overline{U}_{0}\overline{U}_{0}$ (80)
(69)
$u_{j}^{(2)}(t)=-W_{j}(\tau)^{2}V_{+}e^{2i\omega t}-2|W_{j}(\tau)|^{2}V_{0}-\overline{W}_{j}(\tau)^{2}V_{-}e^{-2i\omega t}$ (81)
$B_{j}^{(3)}(t)$
$B_{j}^{(3)}(t)=(\frac{\partial}{\partial\tau}-\mu L_{1})u_{j}^{(1)}-D\sum_{k=1}^{N}G_{jk}u_{k}^{(1)}-2M_{0}u_{j}^{(1)}u_{j}^{(2)}-N_{0}u_{j}^{(1)}u_{j}^{(1)}u_{j}^{(1)}$
$=( \frac{\partial}{\partial\tau}-\mu L_{1})\{W_{j}(\tau)U_{0}e^{i\omega t}+c.c.\}-D\sum_{k=1}^{N}G_{jk}\{W_{k}(\tau)U_{\{)}e^{i\omega t}+c.c.\}$
$-N_{0}\{W_{j}(\tau)U_{0}e^{i\omega t}+c.c.\}^{3}$
$+2M_{0}\{W_{j}(\tau)U_{0}e^{i\omega t}+c.c.\}\{W_{j}(\tau)^{2}V_{+}e^{2i\omega t}+2|W_{j}(\tau)|^{2}V_{0}+\overline{W}_{j}(\tau)^{2}V_{-}e^{-2i\omega t}\}$
(82)
$O(\epsilon^{3})$ (70)
$\langle U^{*}(t),$ $B_{j}^{(3)}(t)\rangle=\int_{0}^{T}U_{0}^{*}e^{-i\omega t}\cdot B_{j}^{(3)}(t)dt=0$ (83)
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$e^{i\omega t}$
$U_{0}^{*}$ . Uo $=1$











$g=-3U_{0}^{*}\cdot N_{0}U_{0}U_{0}\overline{U}_{0}+4U_{0}^{*}$ $\Lambda I_{0}U_{0}V_{0}+2U_{0}^{*}$ $M_{0}\overline{U}_{0}V_{+}$ (88)
$\frac{d}{d\tau}$ $W$. $(\tau)=\mu\lambda_{1}$ $W$. $(\tau)-g$ $I$ $W$. $(\tau)|^{2}$ $W$. $( \tau)+h\sum_{k=1}^{N}G_{jk}W_{k}(\tau)$ (89)
${\rm Re} g>0$ Hopf 3
$\tauarrow t$
$\frac{d}{dt}W_{j}(t)=W_{j}(t)-(1+ic_{2})|W_{j}(t)|^{2}W_{j}(t)+K(1+ic_{1})\sum_{k=1}^{N}G_{jk}W_{k}(t)$ (90)
(8) $c_{1},$ $c_{2},$ $K\in R$ CGL (89)
$\mu\in R,$ $g,$ $h\in C$
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